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(57)Abstract: 

PURPOSE: To highly accurately measure a straightness 
of a moving mechanism by splitting a luminous flux from 
a light source means to two luminous fluxes, inverting 
one of the two luminous fluxes in a vertical and a 
horizontal directions and synthesizing the luminous flux 
with the other luminous flux. 

CONSTITUTION: A laser beam 6 from a lens 5 is guided 
to a beam splitter 7 as a light-splitting means and 
divided to two beams, namely, a transmitting beam 8 and 
a reflecting beam 9. The beam 8 of the divided beams is 
reflected at a reflecting mirror 1 1 and then at the 
splitter 7. The other beam 9 is reflected at a reflecting 
mirror 13 to pass through the splitter 7. The other beam 
9 is thus superposed with the beam 8. resulting in a 
synthesized light beam 10. A four-dividing photodiode 
24a as a means for detecting a position of a light point is 
fixed to a moving body 15 which is movable in a direction 
of one axis 16. The beam 10 is brought into the 
photodiode 24a. A straightness of the moving body 1 5 

can be measured without being influenced by fluctuations of an optical beam 
1 when a position of the light beam 10 is measured by the means 24a. 




2 of a light source 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1]A straightness measuring method measuring a straightness of this moving 
mechanism by compounding with light flux of another side and subsequently to a moving 
mechanism carrying out the light guide of this synthetic light after dividing light flux from a 
light source means into two light flux and reversing the direction of four directions of one 
light flux among these 2 ** light flux. 

[Claim 2]A straightness measuring apparatus having compounded by light flux and a 
photosynthesis means of another side, and having measured a straightness of a moving 
mechanism using this synthetic light after dividing light flux from a light source means into 
two light flux by a light dividing means and reversing the direction of four directions of one 
light flux by an inverting means among these 2 ** light flux. 

[Claim 3]After dividing light flux from a light source means into two light flux by a light 
dividing means and reversing the direction of four directions of one light flux by an inverting 
means among these 2 ** light flux, A straightness measuring apparatus having 
compounded by light flux and a photosynthesis means of another side, having carried out 
the light guide of this synthetic light to a light spot position detecting means provided in a 
moving mechanism, and having measured a straightness of this moving mechanism using 
a signal from this light spot position detecting means. 

[Claim 4]Claim 2, wherein said inverting means has a convergent lens system, a cat's-eye 
optical system which established a reflector in the focal plane, or a cube corner reflector, or 
3 straightness measuring apparatus. 

[Claim 5]Claim 2, wherein said light dividing means and said photosynthesis means are the 
same members, or 3 straightness measuring apparatus. 

[Claim 6]After dividing light flux from a light source means into two light flux by a light 
dividing means and reversing the direction of four directions of one light flux by an inverting 
means among these 2 light flux, A straightness measuring apparatus having 
compounded by light flux and a photosynthesis means of another side, having carried out 
the light guide of this synthetic light to a moving mechanism, having carried out the light 
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guide of the light flux through an optical member provided in this moving mechanism to a 

light spot position detecting means, and having measured a straightness of this moving 

mechanism using a signal from this light spot position detecting means. 

[Claim 7]A straightness measuring apparatus of claim 6, wherein said optical member and 

said inverting means have a convergent lens system, a cat's-eye optical system which 

established a reflector in the focal plane, or a cube corner reflector. 

[Claim 8]A straightness measuring apparatus of claim 6, wherein said light dividing means 

and said photosynthesis means are the same members. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application]When this invention measures and controls the straightness of a 
moving mechanism especially used for a processing device, a form measuring apparatus, 
etc. about the straightness measuring apparatus which used a straightness measuring 
apparatus and it, it is preferred. 
[0002] 

[Description of the Prior Art]The moving mechanism used for a processing device or a form 
measuring apparatus forms the reference axis of this device, and is the constitutionally 
most important element of a device. It can decompose into six kinds of ingredients, and the 
moving accuracy of a moving mechanism can be considered, as shown in drawing 2 . 
[0003]Namely, when two axes which intersect the move direction of a moving mechanism 
perpendicularly mutually [ the Z-axis and others ] are set to X and Y, A movement 
component calls a straightness the displacement delta X and delta Y decomposed into X, 
Y, the displacement delta X, delta Y, delta Z, and X of a Z direction, Y, rotation 
displacement ingredient deltatheta^ of the circumference of the Z-axis, deltatheta^, and 

deltatheta^ here, It sets it as the purpose of this invention to provide the method and device 

which measure this straightness so that It may mention later. 

[0004]About measurement of the straightness, various methods are proposed from the 
former. 

[OOOSl Drawing 3 is Annals of the CIRP Vol.37/1/1988, and a principle explanatory view of 
the method using the tracking of the laser beam published by p.523. 
[0006]ln drawing 3 . 1 is a laser light source, and it is being fixed to the base 100 and it is 
emitting the laser beam 2. 22 is a moving mechanism, and it is provided so that it may 
move to the direction of a laser beam, i.e., the Z direction in a figure, (the move direction 
23) to the base 100. On the moving mechanism 22, XY slight movement mechanism 202 
currently driven by the piezo actuator 203 arranges, and the laser beam 2 enters into the 
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quadrisection photo-diode (QPD) 201 for light spot position detection fixed to XY slight 
movement mechanism 202. 

[0007]The beam incidence position measured by QPD201 is fed back to the piezo actuator 
203, and it forms the control system so that the position of the laser beam which enters into 
QPD201 may become always fixed. deltaX of the moving mechanism 22 and displacement 
of the direction of deltaY, i.e., a straightness, are measured from the voltage impressed to 
the piezo actuator 203 at this time. 
[0008] 

[Problem(s) to be Solved by the lnvention]With the device shown in drawing 3 , since the 
linearity of a laser beam is used as a standard of straightness measurement, there are 
various problems. These problems have a thing resulting from the stability of the laser 
beam itself, and a secondary thing which the heat which laser emits gives to the 
circumference. For example, there are the following problems. 

[0009](A1) The directivity of a thing laser beam depended on the temporal response of the 
energy center position of a laser beam, and instability , For example, the energy center of a 
laser beam shifts to rectangular directions to the direction of movement of a beam slightly 
for the position gap by the heat of the mirror of resonator both ends used for a laser light 
source, heat modification of the mirror itself, etc., or the direction of movement changes 
with time. In a conventional example, since the deflection of this laser beam will be 
outputted as a straightness of a table as it is, it worsens the accuracy of measurement. 
[00101(A2) what is depended on the energy distribution of a laser beam - generally, the 
energy distribution of a actual laser beam changes with time also about the direction of 
movement of a beam rather than is uniform. By change of the energy distribution of this 
beam, the output of QPD changes and the accuracy of measurement is worsened by a 
conventional example. 

[001 1](A3) Although a laser light source generates heat to the general thing to depend on 
the influence on environmental temperature , Although it already said that a laser beam is 
influenced with the heat which laser generates, it deviates or energy distribution changes, if 
it considers further that generation of heat raises the surrounding temperature, depending 
on application, it will become a problem. 

[0012]for example, the surrounding temperature change - heat modification of a device 
under test — easy — **** when applying to the precise form measuring apparatus etc. 
which are assumed, it is not preferred that a heating source is in ****** of a mobile. 
[0013](A4) In the thing conventional example depended on the measure against heat of the 
laser light source which is metrics , the standard of a straightness is a laser light source and 
displacement of the moving mechanism over a laser light source is measured. Therefore, if 
there is no guarantee that the laser light source which is metrics does not move, there will 
be no reliability in measurement. 

[0014]However, since the laser light source itself which is a straightness standard of a 
conventional example is also a heating source, in order to press down heat modification of 
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the laser itself, a laser mounting structure thing, etc., a precise temperature control is 
needed. 

[0015]When this invention measures the straightness of a moving mechanism using the 
light flux from light source means, such as a laser light source, The energy center position 
and energy distribution of light flux from a light source means aim at offer of the 
straightness measuring apparatus using change, the straightness measuring method which 
can measure the straightness of a moving mechanism with high precision even if it 
becomes unstable, and it in time. 
[0016] 

[Means for Solving the Problem] 

(1-1) After a straightness measuring method of this invention divides light flux from a light 
source means into two light flux and reverses the direction of four directions of one light flux 
among these 2 ** light flux, it is compounded with light flux of another side, and is 
characterized by measuring a straightness of this moving mechanism by subsequently to a 
moving mechanism carrying out the light guide of this synthetic light. 
[0017](1-2) A straightness measuring apparatus of this invention divides light flux from a 
light source means (1-2-1) into two light flux by a light dividing means, After reversing the 
direction of four directions of one light flux by an inverting means among these 2 ** light 
flux, it compounds by light flux and a photosynthesis means of another side, and is 
characterized by having measured a straightness of a moving mechanism using this 
synthetic light. 

[0018](1-2-2) Light flux from a light source means is divided into two light flux by a light 
dividing means, After reversing the direction of four directions of one light flux by an 
inverting means among these 2 ** light flux, it compounds by light flux and a photosynthesis 
means of another side, the light guide of this synthetic light is carried out to a light spot 
position detecting means provided in a moving mechanism, and it is characterized by 
having measured a straightness of this moving mechanism using a signal from this light 
spot position detecting means. 

[0019]lt is characterized by said especially inverting means's having a cat's-eye optical 
system or a cube corner reflector which established a reflector in a convergent lens system 
and its focal plane, and said light dividing means and said photosynthesis means being the 
same members etc. 

[0020](1-2-3) Light flux from a light source means is divided into two light flux by a light 
dividing means, After reversing the direction of four directions of one light flux by an 
inverting means among these 2 ** light flux. It compounds by light flux and a photosynthesis 
means of another side, the light guide of this synthetic light is carried out to a moving 
mechanism, the light guide of the light flux through an optical member provided in this 
moving mechanism is carried out to a light spot position detecting means, and it is 
characterized by having measured a straightness of this moving mechanism using a signal 
from this light spot position detecting means. 
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[0021 ]lt is characterized by especially said optical member's and said inverting means's 
having a cat's-eye optical system or a cube corner reflector which established a reflector in 
a convergent lens system and its focal plane, and said light dividing means and said 
photosynthesis means being the same members etc. 
[0022] 

[Example] Drawing 1 is an important section schematic diagram of Example 1 of this 
invention. One is generating the laser beam 2 in the laser light source as a light source 
means among a figure. The light guide of the laser beam 2 was carried out to the optical 
fiber 4 using the lens 3, and it is changed into the parallel laser beam 6 with the lens 5. 
Thus, by drawing the laser beam 2 with the fiber 4, the laser light source 1 as a heat source 
is isolated from the main frame 14. 

[0023]The laser beam 6 from the lens 5 is led to the beam splitter 7 as a light dividing 
means, and it is divided so that the light intensity of an outline may become equal at two 
beams of the transmitted beam 8 and the reflective beam 9. Among these, it is made to 
reflect in the reflector 1 1 via the dimming filter 17, and the optical beam 8 which one side 
penetrated returns the original optical path, and is made to reflect it by the beam splitter 7. 
[0024]The optical beam 9 reflected by the beam splitter 7 of another side is reflected by 
what is called the cat's-eye optical system 101 that consists of the reflector 13 arranged to 
the focal plane of the lens 12 and the lens 12, Return to the original optical path, the beam 
splitter 7 is made to penetrate, and it piles up with the previous optical beam 8, and is made 
the synthetic light beam 10. The cat's-eye optical system 101 constitutes the inverting 
means, reversed the direction of four directions of the incoming beam, and is returned to 
the original optical path. 

[0025]He is trying for the distance d from the optic-axis OP center of the beam splitter 7 to 
the lens 12 and the distance d from the optic-axis OP center of the beam splitter 7 to the 
reflector 1 1 to become equal. The reflectance of the beam splitter 7 and the reflectance of 
the reflector 1 1 and the reflector 13 are set up so that the light intensity of the optical beam 
8 reflected in the reflector 1 1 among the synthetic light beams 10 and the optical beam 9 
reflected by the cat's-eye optical system 101 may become equal. Or he is trying for both 
light intensity to become equal using the dimming filter 17 provided into the optical path of 
the beam splitter 7 and the reflector 11. 

[0026] Drawing 4 is an explanatory view showing superposition by the two optical beams 8 
and 9 when the beam splitter 7 is used as a photosynthesis means. When light intensity 
distribution of the optical beam 8 is set to f (x, y), the light intensity distribution of the optical 
beam 9 when compounding by the beam splitter 7 is set to f (-x, -y). The light intensity g of 
the synthetic light beam 10 of the optical beams 8 and 9 at this time (x, y) is g(x, y) ={f(x, y) 

+f(-x, -y)}/2 (1) 

It becomes. 

[0027]The light intensity distribution g of the synthetic light beam 10 obtained in this 
example (x, y) serves as a point pair elephant to the starting point of XY coordinates. 
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Namely, g(x, y) =g (-x. -y) (2) 

Therefore, the center of gravity of the optical beam intensity which integrated light intensity, 
i.e., the center position of an optical beam, serves as the starting point of XY axis. And f (x, 
y) does not depend the relation of (2) types how, but it is realized. Therefore, although the 
optical beam from a light source swings so that it may mention later, the centroid position of 
the light intensity g (x, y) is not influenced. 

[0028]lt fixes to the housing (main part) 14, the optical element mentioned above in this 
example is provided, and the housing 14 is fixed to the base which is not illustrated. 
[0029]lt fixes to the mobile (moving mechanism) 15 provided in 1 shaft orientations 
movable to the base (un-illustrating) 16 on the other hand, the photo-diode 24a of 
quadrisection as a light spot position detecting means is formed, and the previous synthetic 
light beam 10 is entered. 

[0030]ln this example, optical beam g (x, y) shown in (2) types is made into the standard of 
a straightness, by measuring the position of this optical beam by the light spot position 
detecting means 24a which was fixed to the mobile 15 and established, it is not influenced 
by fluctuation of the optical beam of a light source, but the straightness of the mobile 15 is 
made measurable. 

[0031]Next, the feature of each element of this example is explained. Drawing 5 is an 
explanatory view of the processing circuit of the lightwave signal acquired with the photo- 
diode 24a. 

[0032]Since the photo-diode 24a of the quadrisection which detects the incidence position 
of the synthetic light beam 10 outputs the signals 25a, 26a, 27a, and 28a corresponding to 
the light volume which enters into the quadrisected acceptance surface, this is amplified 
with the amplifier 29a, Signal eal corresponding to each light volume, ea2, eaS, and ea4 
have been obtained. These signals are added or subtracted in the arithmetic circuits 30a, 
31a, and 32a, and division process is carried out by the sum of four signals using the 
division circuit 33a. Namely, e^=(ea1+ea2-ea3-ea4)/(ea1+ea2+ea3+ea4) when the signal 

concerning e^ and Y shaft orientations in the signal about an X axial direction is made into 

e (3) 

y ^ ' 

ey=(ea1+ea4-ea2-ea3)/(ea1+ea2+ea3+ea4) - (4) 

It has obtained more. 

[0033]By calculating in this way, signal e^ corresponding to the direction of X and the 

direction of Y of the light spot position of the synthetic light beam 10 which enter into the 
photo-diode 24a without being influenced by change of the entering total light volume, and 
Oy have been obtained. 

[0034]Suppose that the straightness errors delta X and delta Y arose in X in drawing 1 , and 
the direction of Y as the mobile 15 moves in the move direction 16 in the above-mentioned 
composition now. Then, the relative position of the photo-diode 24a which are the synthetic 

http://www4.ipdLinpit.go.jp/cgi-bm/tran_web_cgi_ejje?atw_u=^^ 5/19/2009 



JP,07-332957,A [DETAILED DESCRIPTION] 



Page 6 of 1 1 



light beam 10 and a light spot position detecting means changes only delta X and delta Y. 

Voltage signal e and e which the circuit shown in drawing 5 at this time outputs express 

X y 

delta X and delta Y, i.e., a straightness, that It mentioned above. 
[0035]Next, although the optical beam 6 swings in this example, it explains not being 
influenced. Drawing 6 and drawing 7 are the explanatory views of an about seven beam 
splitter [ of drawing 1 ] optical beam. 

[0036]lt stands on the standpoint of the geometric optics based on the tracking of light, the 
entering optical beam is considered to be a set of many beams of light, and the one beam 
of light LO assumes that it is parallel to the optic axis OP, and separated only from delta first 
as shown in drawing 6 . The beam splitter 7 is passed, and the beam of light reflected in the 
reflector Ml turns into the beam of light LI which delta Separated from an optic-axis OP 
center, and is emitted. 

[0037]The optical beam reflected by the beam splitter 7 on the other hand carries out 
parallel translation only of delta to a counter direction according to the cafs-eye optical 
system 101 , and serves as the beam of light L2. 

[0038]As mentioned above, since the beam of light L1 and the beam of light L2 are 
adjusted so that light intensity may become equal, as for the centroid position of beam 
intensity, they are not influenced. 

[0039]Next, the beam of light LO with which only the angle theta shifted from the optic axis 
OP as shown in drawing 7 is explained. The beam splitter 7 is passed like drawing 6 , and 
the beam of light reflected in the reflector Ml turns into the beam of light LI which angle 
theta Separated from an optic-axis OP center, and is emitted. 

[0040]Only the angle theta changes direction to a counter direction according to the cat's- 
eye optical system 101, and the optical beam reflected by the beam splitter 7 on the other 
hand serves as the beam of light L2. As mentioned above, since the beam of light LI and 
the beam of light L2 are adjusted so that light intensity may become equal, as for the 
centroid position of beam intensity, they are not influenced. He is trying for the distance d1 
from the center of the beam splitter 7 to the reflector Ml and the distance d2 to the center 
of the lens 12 to become equal at this time. 

[0041]Even if considering that the optical beam 6 is a set of these beams of light LO as 
mentioned above it changes direction and light intensity distribution of the optical beam 6, 
the output of the light spot position detecting means 24a is not changed, and is not 
influenced. 

[0042]ln this example, straightness measurement of the mobile 15 is enabled without doing 
in this way and being influenced by change of an incident light beam. 
[0043] Drawing 8 is an important section schematic diagram of Example 2 of this invention. 
It differs in that this example arranges the lambda/4 boards 18a and 18b respectively, and 
is aiming at effective use of light volume in the optical path of 2 divided light flux compared 
with Example 1 of drawing 1 , using the polarization beam splitter 14 as a light dividing 
means, and other composition is the same. 
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[0044]After reflecting the vertical-polarized-light ingredient of the optical beam 6 by the 
polarization beam splitter 14, passing the 1/4 wavelength plate 18a, becoming circular light 
and reflecting by the cat's-eye optical system 101 in this example, the 1/4 wavelength plate 
18a is passed again, it becomes horizontal polarized light at this time, and the polarization 
beam splitter 14 is passed. 

[0045]Since the horizontal-polarized-light ingredient of the optical beam 6 which, on the 
other hand, passed the polarization beam splitter 14 passes the 1/4 wavelength plate 18b, 
and it passes the 1/4 wavelength plate 18b again after becoming circular light and reflecting 
in the reflector 1 1 , it serves as vertical polarized light at this time, and is reflected by the 
polarization beam splitter 14. Since the synthetic light beam 10 compounded by the 
polarization beam splitter 14 at this time differs in the direction of polarization 90 degrees, 
the influence of interference does not receive it. 

[0046]ln this example, the same effect as Example 1 has been acquired, aiming at effective 
use of light volume using the synthetic light beam 10 at this time. 

[0047] Drawing 9 is an important section schematic diagram of Example 3 of this invention. 
This example used the depolarizer 19 and the polarizing plate 20 instead of the dimming 
filter 1 7 compared with Example 2 of drawing 8 , and has provided these into the optical 
path between the lens 5 and the polarization beam splitter 14. And it differs in that the 
fading rate is changed continuously in order to make equal optical beam intensity from the 
optical beam and the reflector 11 from the cat's-eye optical system 101, and other 
composition is the same. 

[0048]After the optical beam 6 abolishes polarization by the depolarizer 19 in this example, 
linear polarization of the suitable angle is used to the polarization beam splitter 14 with the 
polarizing plate 20. The fading rate which changed and mentioned above the intensity of 
the optical beam which penetrates and reflects the polarization beam splitter 14 is changed 
continuously and simple by adjusting this angle at this time. 

[0049]The depolarizer 19 is unnecessary when there is no difference in the level of the 
optical beam 6, and the light intensity distribution of a vertical-polarized-light ingredient in 
this example. 

[0050] Drawing 10 is an important section schematic diagram of Example 4 of this invention. 
It differs in that this example uses the cube corner reflector 22 instead of the cafs-eye 
optical system 101 compared with Example 2 of drawing 8 , and other composition is the 
same. 

[0051]Next, although the optical beam 6 swings in this example, it explains not being 
influenced. 

[0052] Drawing 1 1 and drawing 12 are the explanatory views of about 14 polarization beam 
splitter [ of drawing 10 1 light flux. In drawing 1 1 and drawing 12 , the polarizing plates 18a 
and 18b and the dimming filter 17 are omitted. 

[0053]lt stands on the standpoint of the geometric optics based on the tracking of light, and 
the entering optical beam is considered to be a set of many beams of light, as the one 
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beam of light LO shows drawing 1 1 fi rst, it is parallel to the optic axis OP, and only delta 
assumes that it has got used. The beam splitter 14 is passed, and the beam of light 
reflected in the reflector 1 1 turns into the beam of light L1 which delta Separated from an 
optic-axis OP center, and is emitted. 

[0054]The optical beam reflected by the beam splitter 14 on the other hand carries out 
parallel translation only of delta to a counter direction by the cube corner reflector 22, and 
serves as the beam of light L2. As mentioned above, since the beams of light LI and L2 are 
adjusted so that light intensity may become equal, as for the centroid position of beam 
intensity, they are not influenced. 

[0055]Next, the beam of light LO with which only the angle theta shifted from the optic axis 
as shown in drawing 12 is explained. The beam splitter 14 is passed like drawing 11 , and 
the beam of light reflected in the reflector 1 1 turns into the beam of light LI which angle 
theta Separated from an optic-axis OP center, and is emitted. 

[0056]Only the angle theta changes direction to a counter direction by the cube corner 
reflector 22, and the optical beam reflected by the beam splitter 14 on the other hand 
serves as the beam of light L2. 

[0057]As mentioned above, since the beams of light LI and L2 are adjusted so that light 
intensity may become equal, as for the centroid position of beam intensity, they are not 
influenced. He is trying for the distance d1 from the center of the beam splitter 14 to the 
reflector Ml and the distance d2 to the peak of the cube corner reflector 22 to become 
equal at this time. 

[0058]Even if considering that the optical beam 6 is a set of these beams of light LO as 
mentioned above it changes direction and light intensity distribution of the optical beam 6, 
the output of the light spot position detecting means 24a is not changed, and is not 
influenced. 

[0059]ln this example, straightness measurement of the mobile 15 is enabled without doing 

in this way and being influenced by change of an incident light beam. 

[0060]When not correctly reflected from the problem of manufacture of the cube corner 

reflector 22, the beam of light which enters into the vertex vicinity of the cube corner 

reflector 22 in this example forms the mask 21 between the lens 5 and the polarization 

beam splitter 14, and should just carry out the mask of near the center of the optical beam 

6. 

[0061] Drawing 13 is an important section schematic diagram of Example 5 of this invention. 
This example shows the case where the straightness of the mobile (moving mechanism) 15 
is concretely measured using each element of Example 1 of drawing 1 . The same code 
number is given to the same element as the element shown by drawing 1 among the figure. 

[0062]Among a figure, 55 are an optical system which has each element in the housing 14 
shown in drawing 1 , and are fixed to the base 100. The light guide of the laser beam 2 from 
the laser light source 1 is carried out to the optical system 55 via the lens 3 and the fiber 4 
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like Example 1 of drawing 1 . 

[0063]the moving mechanism 15 which is the device under test provided movable to the 
base 100 on the other hand - X and the direction of Y - a fine amount the movable slight 
movement table 58 is formed. And the displacement gage 60 which measures the driving 
means 59 which drives the slight movement table 58 to the moving mechanism 15, and its 
displacement is formed. 

[0064]The same light spot position detecting means 54 as Example 1 is formed in the slight 

movement table 58, the signal from the light spot position detecting means 54 is inputted 

into the arithmetic circuit 56, and signal e of a straightness error and e are calculated from 

X y 

this. 

[0065]Signal e^ corresponding to the straightness outputted from this arithmetic circuit 56 

and e^ are led to the amplifier 57, It feeds back to the driving means 59 of the previous 

slight movement table 58, and by moving the slight movement table 58 from this, it is 
controlling so that signal and e^ become zero. 

[0066]Displacement of the slight movement table 58 at this time is measured by the 

displacement system 60, and when displacement of X which that displacement gage 

outputs, and the direction of Y is made into S and S , it is equivalent to the straightnesses 

X y 

delta X and delta Y of the slight movement table 58. 

[0067]Since only the zero point is used even when e and e are not proportional to the 

X y 

changing signal of the current beam position even if the light spot position detection system 
54 is nonlinear in the case of this example namely, highly precise straightness 
measurement is attained. 

[0068]ln this example, since it is not influenced by the error (nonlinear errors) of the light 
spot position detecting means 54, accuracy improves (it depends for the accuracy in this 
case only on the error of measurement of the displacement gage 60). In order for what is 
necessary to be just to constitute the light spot position detecting means 54 so that only the 
detection power of the current beam position may be raised, the time [ it ] of adjustment 
becomes there are few restrictions at the time of a actual circuit design (for example, 
restrictions about lineality, a distortion rate, etc.). and easy. 

[00691 Drawing 14 is an important section schematic diagram of Example 6 of this invention. 
It differs in that this example established the optical system 15 on the moving mechanism 
15 compared with Example 5 of drawing 13 , and the light spot position detecting means 54, 
the slight movement table 58 and the driving means 59 (un-illustrating), and the 
displacement system 60 (un-illustrating) are formed in the base 100, and other composition 
is the same. 

[0070]Since the light spot position detecting means 54 is being fixed to the base 100 
according to this example, the cable which takes out the output signal Is also fixable to the 
base 100. Therefore, compared with Example 5 which moves with the mobile 15, a cable 
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bends, a cable extends, there is no ** and the reliability over an open circuit etc. improves. 
Since a cable is immobilization, the noise which a cable receives from an external magnetic 
field does not change with table positions, either, but is effective in being easy to take 
measures. 

[0071] Drawing 15 is an important section schematic diagram of Example 7 of this invention. 
This example establishes the beam splitter 36 and the light spot position detecting means 
24a in the housing 14 instead of providing a light spot position detecting means in the 
mobile 15 compared with Example 1 of drawing 1 , It differs in that the cat's-eye optical 
system 102 which comprises the lens 34 and the concave reflector 35 arranged to the focal 
plane is established in the mobile 15, and other composition is the same. 
[0072]ln this example, passed the beam splitter 36, it was made to reflect by the cafs-eye 
optical system 102 in the mobile 15, and the synthetic light beam 10 from the beam splitter 
7 is returned to the original optical path. And it is made to reflect by the beam splitter 36 in 
the housing 14, and the light guide is carried out to the light spot position detecting means 
24a. And the straightness of the mobile 15 is measured like Example 1 using the signal 
from the light spot position detecting means 24a. 

[0073]According to this example, the position on the light spot position detecting means 24a 
side of the optical beam reflected by the cat's-eye optical system 102 on the mobile 15 to 
the straightness errors delta X and delta Y of the mobile 1 5 is set to 2deltaX and 2deltaY, 
and detection sensitivity doubles compared with Example 1. 

[00741The cable etc. which accompany the quadrisection photo-diode and it which are light 
spot position detecting means are in the beam outgoing radiation side. Therefore, 
compared with Example 1 which moves with the mobile 15, a cable bends, a cable extends, 
there is no ** and the reliability over an open circuit etc. improves. Since a cable is 
immobilization, the noise which a cable receives from an external magnetic field does not 
change with table positions, either, but is effective in being easy to take measures. 
[0075]A cube corner reflector may be used instead of the cat's-eye optical system 102 
installed in the mobile 15 in this example. 

[0076] Drawing 16 is an important section schematic diagram of Example 8 of this invention. 
This example establishes the light spot position detecting means 24a in the housing 14 
instead of providing a light spot position detecting means in the mobile 15 compared with 
Example 1 of drawing 1 , It differs in that the cat's-eye optical system 102 which comprises 
the lens 34 and the concave reflector 35 arranged to the focal plane is established in the 
mobile 15, and other composition is the same. 

[0077]ln this example, the synthetic light beam 10 from the beam splitter 7 was reflected by 
the cat's-eye optical system 102 in the mobile 15, and it has returned to the original optical 
path. And the light guide is carried out to the light spot position detecting means 24a 
established in the housing 14. And the straightness of the mobile 15 is measured like 
Example 1 using the signal from the light spot position detecting means 24a. 
[0078]Since this example does not use the beam splitter 36 compared with Example 7, it 
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has the feature that few light volume losses are. 

[007g]ln this example, a cube corner reflector may be used instead of the cat's-eye optical 

system 102. 

[0080] 

[Effect of the lnvention]ln this invention, each element is set up as mentioned above. 
Therefore, when measuring the straightness of a moving mechanism using the light flux 
from light source means, such as a laser light source, The energy center position and 
energy distribution of light flux from a light source means can attain in time change, the 
straightness measuring method which can measure the straightness of a moving 
mechanism with high precision even if it becomes unstable, and the straightness measuring 
apparatus using it. 

[0081]ln addition, according to this invention, the influence of the deflection of the optical 
beam emitting angle outputted from a light source means (B1) is canceled, and the 
influence of it is lost. Therefore, highly precise straightness measurement is attained. 
[0082](B-2) Heterogeneity mist beam cancellation of the energy distribution of the optical 
beam outputted from a light source means is carried out.Therefore, highly precise 
straightness measurement is attained. 

[0083](B3) The light source used for this invention as mentioned above may have the large 
unevenness of the deflection of an optical beam emitting angle, or the energy distribution of 
an optical beam. Therefore (B3-1), since the tolerance level to a light source (B3-2) which is 
possible also for using the cheap semiconductor laser and high-intensity LED of a price for 
a light source, and can make cost of a device and size small is large, an application range 
spreads. 

[0084](B4) A beam splitter, a mirror, etc. are optics and the standard of a straightness does 
not generate heat. Therefore (B4-1), there are no problems, such as a temperature drift, 
and the high accuracy of measurement becomes possible. If an optical system is 
manufactured especially with low-thermal-expansion glass etc., the special (B4-2) cooling 
by which an effect is enhanced further, temperature control, etc. will not be needed, but it 
will be useful for a cost cut. 

[0085](B5) Accuracy is not reduced even if it arranges the light source which is a heating 
source in the distance. Therefore, the influence on environmental temperature is severe, for 
example, the application to a form measuring apparatus etc. becomes easy. 
The straightness measuring apparatus using a straightness measuring method and it with 
the effect of ** can be attained. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The important section schematic diagram of Example 1 of this invention 
[Drawing 2] The explanatory view of the moving accuracy of a moving mechanism 
[Drawing 3] The important section schematic diagram of the conventional straightness 
measuring apparatus 

[Drawing 4]T he explanatory view showing composition of 2 light flux concerning this 
invention 

[Drawing 5] The explanatory view of the processing circuit of the output signal from the light 
spot position detecting means of drawing 1 
[Drawing 6] Some explanatory views of drawing 1 
[Drawing 7] Some explanatory views of drawing 1 

[Drawing 8] The important section schematic diagram of Example 2 of this invention 
[Drawing 9] The important section schematic diagram of Example 3 of this invention 
[Drawing 10] The important section schematic diagram of Example 4 of this invention 
[Drawing 11] Some explanatory views of drawing 10 
[Drawing 12] Some explanatory views of drawing 10 

[Drawing 13] The important section schematic diagram of Example 5 of this invention 
[Drawing 14] The important section schematic diagram of Example 6 of this invention 
[Drawing 15] The important section schematic diagram of Example 7 of this invention 
[Drawing 16] The important section schematic diagram of Example 8 of this invention 
[Description of Notations] 
1 Light source 
2, 6 optical beams 

3 Lens 1 

4 Optical fiber 

5 Lens 2 

7 and 36 Beam splitter (BS) 

8 The optical beam which passed the beam splitter 
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9 The optical beam which reflected the beam splitter 

10 The compound optical beam 

11 Plane mirror (Ml) 

12, 34 positive lenses (L) 

13 Lieberkuhn (M2) 

14 Polarization beam splitter (PBS) 

15 Mobile 

16 The move direction 

17 Dimming filter 

18a, 18b 1/4 wavelength plate (lambda/4) 

19 Depolarizer (DP) 

20 Polarizer (a polarizing plate, P) 

21 Mask 

22 Cube corner reflector (CO) 

24 Quadrisection photo-diode 

25 The output 1 of a photo-diode 

26 The output 2 of a photo-diode 

27 The output 3 of a photo-diode 

28 The output 4 of a photo-diode 

29 and 57 Amplifier 

30 Arithmetic circuit 1 

31 Arithmetic circuit 2 

32 Addition circuit 

33 Division circuit 
35 Concave lens 

54 Light spot position detection system 

55 Optical system 

56 Arithmetic circuit system 

58 XY slight movement table 

59 The driving means of XY slight movement table 

60 Displacement gage 
100 Base 

101,102 Cat's-eye optical system 

201 Quadrisection pin photodiode (QPD) 

202 XY slight movement mechanism 

203 Piezo actuator 
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LThis document has been translated by computer. So the translation may not reflect the 
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DRAWINGS 



[Drawing 1] 
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[Drawing 3] 
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[Drawing 6] 
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[Drawing 7] 




[Drawing 8] 
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[Drawing 9] 
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[Drawing 10] 
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[Drawing 13] 




[Drawing 14] 
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1 This document has been translated by computer. So the translation may not reflect the 
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CORRECTION OR AMENDMENT 

[Kind of official gazette]Printing of amendment by the regulation of 2 of Article 17 of Patent 
Law 

[Section classification] The 1st classification of the part VI gate 
[Publication dateJDecember 14 (2001.12.14), Heisei 13 

[Publication No.]JP,7-332957,A 

[Date of Publication]December 22, Heisei 7 (1995.12.22) 
[Annual volume number] Publication of patent applications 7-3330 
[Application number]Japanese Patent Application No. 6-151660 
[The 7th edition of International Patent Classification] 

GOIB 11/30 101 

[Fl] 

GOIB 11/30 101 A 

[Written amendment] 

[Filing date]May 28, Heisei 13 (2001.5.28) 
[Amendment 1] 

[Document to be Amended]Specification 
[Item(s) to be Amended]0029 
[Method of Amendment]Change 
[Proposed Amendment] 

[0029]lt fixes to the mobile (moving mechanism) 15 provided in the 1 shaft orientations 16 
movable to the base (un-illustrating) on the other hand, the photo-diode 24a of 
quadrisection as a light spot position detecting means is formed, and the previous synthetic 
light beam 10 is entered. 
[Amendment 2] 

[Document to be Amended]Specification 
[Item(s) to be Amended]0069 
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[Method of Amendment]Change 
[Proposed Amendment] 

[0069]Drawing 14 is an important section schematic diagram of Example 6 of this invention. 
It differs in that this example established the optical system 55 on the moving mechanism 
15 compared with Example 5 of drawing 13, and the light spot position detecting means 54, 
the slight movement table 58 and the driving means 59 (un-illustrating), and the 
displacement system 60 (un-illustrating) are formed in the base 100, and other composition 
is the same. 
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Al+i-5Jtl:tcSt(£;Lfc(t-§-2 5 a. 2 6 a, 2 7 a. 

2 8 a ?rm;'3-f 2)tOT-Cix^T>7'2 9 aT'iitit. ^• 
4x-ftl,(05t*|cmLfcffi#e al, ea2, ea3. 
ea4«r#Tl^-5. r *l5>(n{t-^SrS5^|pI?& 3 0 a . 3 
1 aSt;:3 2 aT-SL». XllS'lt^L, »I'3»Iil!g3 

3 a ?rfflV^T4o(7)f*#(7)?PT-»J'?»1-.5„ EP*>XttJ^ 
(6]l.lM1-5m^^e. . Y#>&|6j(c:M-t.5<I-^Srer t 

(3) 

(4) 

[0 0 3 9] l^\zmHC7jk^i:=j\Z%mOPA^bf^S.6 

fc'itT J^fc*i^L 0^;lo^^Tt^B^■t-•5„ 136 f 
-A:^?'!; 5'^' 7Srai§L, SWIlM 1 T'SMLfcjta 
(4 ^tifillOP t>^geg|i^fc3t^L 1 t/itJUJWi- 

[0 0 4 0] -;^t'-A;^7'y IX'RliiLtz^t'- 
L 1 2it/^iS L 2 l47t3SS;65^ L < 5 J; p fcB^S $ n 

cn^md 1 t 2(r>'p.L-tX<r>S^md 2i'^^L< 

fl^Xoi^LX\>^i>o 

[004 1] l:^±(r>x^^zyti^-A6 7!lizi^h%mLO 
r t lr%^ 6 i * t'- A 6 <7:>(S) # 
^m'^mmLX i,^,^M^ff,^^2 4 a wai:^(4Si!j 

[0 0 4 2] *llliS^!lT-(4ro:)J: •5lcLTAi*jtt'-A 

[0 04 3] HI 8 it:^^m<Dmmm 2 wg^stBsnr-fc 

5fc!S4'{-€-* A/4tg I 8 a , 1 8 b ?r&;SLT7t*(0 



(5) 

7 

[0 0 4 4] *|liSI?iJ»^fcV^Tptt'-i>.6CDSiSli3tfi5t 
^itmyth'-AT^yiJ -yf 1 4 T-SWLT l/4iKftS 
1 8 atriiiSLXnUitt^/t). ^r-\r s/'^T-f jt^^ 1 
OlT'SWL/c^. S0=l/4jSftiKl 8 a ^ai§t. 

[0 0 4 5] 3/^1 4«riiiiLfc 

it t'-i^ 6 1/4 1 8 b ^iiiS 

4«fitgl 8 b4-jiii1-5(OT\ rrot #Sl:{i)tt/j: 

^t'-i^;^yy ry;? 1 4 T'^fig Lfc-^J|g3t;t-- A 1 0(± 

[0 0 4 6 J ifC^ifitajTHrtnitlD-g-figJtK'-A 1 0 

[0 04 7] m 9 tt*^?g(D^i6«sy 3 (n^wsmm-r^i) 
■So ^^iSt^ytiH 8 <7)Hffi0y 2 lc:Jt-^T^3t7 /U;? 1 
TfOft^tJ'Jlc-rJJ^y^-l'-if 1-9 i:{iJt«2 0 4ffll/\ C 20 
ixbSrUV-Xs i:<i3tt'-A;^:/l» 1 4 i (/^rB^cT^^t 

[0 0 4 8] **Jg«r!|(Cj3l,^T?tt*-i^6(±xd<7 7'l' 

Hfi 9t'J:oT{S*^^e< Lfc^. m%^2 ci[zi.y)m 

Ttt'-i^y'.T'y y;? 1 4IC*fLTS^7'<C^KOillSil3t 
%M'-M.:^:f^)•y^\A^m^^■KM■th±^^-■l^(0^ 30 

[0 0 4 9] i^;$:$i£0!)l-fcl/^T3fet'-A6(n;!K¥, S 

[00 50] ^10 \t^%m<n^i^m 4 <oiigp«ii&i^T- 

fc5c **Mi€aj«|118t0^ifil€r!)2»CJt'<T^f •yyT'T 
5fe^?^-l 0 1 cnn*3t) IC=>— 1-=^^-7'2 2^fflV^T 

[0 0 5 1] <!}^lc*^J£f!jlc*5i/^T3tK'-A6;i?«*ibl'' 40 

[0052] Ell 1,11112 I4E1 1 Ocn<ijtf-A;^7* 
^} yf\ 4i4^W5t*<0|ftPJ?BlT'fo5o i*)iai 1 . 01 
2 X'imimt. 18a. 1 8 b , ^3t7 /l,^' 1 7 (IS^BS 

[00 5 3] %(D\M.mm^&'^\>-^it^^%'^<r>^mc-SL 

1 *Wjt^L o^i^-r® 1 1 Icipi-J; T(c)t$iliOPlc-ip 
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[0 0 54] -:fj\i'-J>.^^D 1 4T-S:lttfi)tK' 

^f^^^lL, )tllL2i:/j:5o SftjiDti^lCit^L IS 
t/L 2 (±3t54g;!iJ^ L < S J; 9 lc|SS$ixTU^5^s 
t'- A cDfi (4,^# ^ S ft V \ 
[0 0 5 5] 1 2 J;:;^-f J; 9 6 

-Axyy j/^ 1 4 4iiiaL. K^mi 1 -esitLfcit 

[0 0 56] -:^t'-A;:^7'y .y^' 1 4 T'iSit Lfcit f 
- A 14 3 — ^— if ^ - y 2 2 j; 19 ^Jt fl yfltSM^lRl 

[0 0 5 7] StriSLtJ: 9lC3tliL ISU^L 2l4ifc3fta 

1 4e5'*i.ij.3S»P>SStiiMl ST-</5^BSd 1 t='-i--^ 
^-:/2 2(751I;^*T-WffiB|d 2 di^L < i P |C U 

[0 0 5 8] iil±c7)J; e)(c:^k'-A6;JSc4xb^llL 0 

LT t it^SfitSt^W^a 2 4 a (Dm:^»4^t!l 

[0 0 5 9] *IIJS«»jT'f4r©J;9i::LTAlt3tK'-A 
(?^^ll)lc^KlP$^^'i^^T•#t(l«:l 5 ©KitSa'J^Sr^Hl 

[0 0 6 0] i^*l|jiSe?!llCt3l,^T3-:>--=¥i-y2 2 
(OlS^.Mi£»cAWi-5**ll4=>— ^-#^-^2 2©M 
if .ti7)mmA^hlE L < SW$n/.fV^«^(e:(4> u>X5 
tm±.t'-M.^y]) 1 4 tiTJFB^lC-^y!.^' 2 1 Ir^ 
It, Jtf-A6(7)4'*f*iaSrT;^:J'fnif^</\ 

[ 0 0 6 1 ] H 1 3 l4:*^B^co|liElF!l 5 <n-^WmMX 
fo5„ *»S^iJl4lll(D^iS^!|l<"=S-M*^fflV^TA#: 

^LTl''?., Rl'^', nil ■C:T%LfcS?Stll— ISISl-f4|Rl 

[0 0 6 2] 121'f'. 5 5f4ill{C77:-f^M?v>>^^l 4rt 
<7)#^»$r*-r5^^.^T-fcf?« '<-^100IC@^t 
Tv^5, dicn^ffi^ili il?l«^;:^—t^'^t?!^l^^?><7)^- 
— ri£2^^>X3i:7T-f/<-4^^^L-C^fe¥?,5 5 

[0 0 6 3] •:&'<-^ 1 0 oic?.^LT^i!)^iglclS:it 

l:^S)jWtg''j:S!(iijx-7'/i. 5 8 ^aSitTi^-S. ^ LT^ 
Eljffiimi 5»c:gii!)7^-y.'W5 8SrSg|)Jl-5PSIJ^&'5 9 

[0 0 6 4] SStttT^-^'/i- 5 8 icHJSff'J T 1 15] CJt.^f.'fji 
S«tli#l5 5 4 ^IS:»t. 3fe.^,eg1^ai#l£ 5 4 ^^bcoffi 



9 

e.. e, ^*«)Tl^5, 

[0 0 6 5] w(Dm»lHlgS5 6d^P,t±i;^)1-5XiIglC5Ft 
^-■thm^e, . e, 5r7V7"5 7»C^#, ^fegtOSktb 

10 0 6 61 Z<Dtt(^Wl.WiT-zfjU5 8(n>m&.i:^U 

[0 0 6 7] ^stt^yw®^, t/tmm^m^ 5 4 

[0 0 6 81 2|s:|IJiE^Jf fijt^{iiSfilffl#© 5 4 

[00 6 91 014 \t.^^m<onmm e (omnw^mx- 

fc-5„ *^]te«?!l»±ig 1 3(D*li«a|5J::Jt-<T#lbjSltl 
5 ±{c3t^^ 1 5 iSr^ft. '<-;^ 1 0 0 \ziti^^m.^m 
4 fc|Sttx-:/>'U5 8. ^«)#S5 9 

[0 0 7 0] **JSf!)tc J:tvli*^^.|ig^a#^ 5 4 
'<-;^ 1 0 Ofcig^^ixTVS^, •?:<Dai:^){I-§-trS{'? 
ffi-r^-y/i't-i-;^ 1 0 0|w@^1-^,r t:45x-t2,. 
iie-oT-ir-y/l'^S^ibf*:! 5 t 5*JEf^J 5 (C 

nmm b S It 5 y -< X t X - i o x^^k-it 

[00 7 1] 015 l4*%M(r)||JS0i| 7 (75ilgS«l«SlllT' 

-y^ 3 6 <!r3t,^.&m«iai^®2 4 a SrlS 
fcHflSitaa 5A^ibP£2>^-\' yyT-^^^^.l 0 2$rK 

[0 0 7 2] *lliSfiRjT-(4t'-A;^7"!; 7i)^h(n-^ 
Kl(*:i 5rtro*+3'>7T-1'3t^^l 0 2T-Slt^-fr. tc 

n%Vk\z.m\^x\,'^i>^ 'tLxy^<yiy-^yi 4rt(7)h'-A 

5/^3 6T-Si--f^-y:Tfit^><!iS^ttJ¥fS2 4 a IC 
jg^tLTV^^. ■?:LT7t.$.fi:S^ai#S2 4 a A't>rofi 
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[0 0 7 3] *IIIS^J|^ 1 5 (DMU^mm 

AX. AY(c5[;fL. 1 5±(75:^^ •;/yTl'3t^^ 

1 0 2T-SWLfc)tf-A©3t,^,{fi:B<^btl^S2 4 aia 
±T-©fi[«l4 2AX, 2AYi/j:tJ. 11:^08 1 IdJt-iT 

[0 0 7 41 x±^Mm^m^stX'h^4j^m7*hy 

l-fcSo' t^oT'^-- ://>d5^Sb0:i 5 tmc^Wii-^m 
10 Jfe«sj 1 |;:it'<. y/K75fl(fM«L;a5/^<. »r^^lc 
S*t5<i«tt^5|o]±-r5o X'ir—zfMtm'&^j:<r>X"!r- 
zfjuiif^-mmmti^bSi It 5 y -f X t X - J; c 

[00 7 5] fi4i^lt]!i0yjCtJl.^T#ij|{*: 1 5 \cmmti> 
^^yyT4%^^ \ 0 2(nftfc!7»C3-:h-dE.3-:/ 

[0 0 7 6] Die (4*:^BJ(n^it0i| 8 (nW:WmMX 

hi>o ^^mm\tm i nnmrn i jwjf^T^ibi^ 1 5 
)t^,&iI^tW^gSri;^^t5ftt?*>(cy^^;i?v':^<l 4i^»c 

20 3t^,fiiM«ltii^S2 4 a ^Klt. i^t!l<*:i Sl^t^ttU-V 
X3 4t^:(0*.^.[i(ii2«tfcIU]Klt^3 5*>e?fi)(;-5 + 
+ i'5'7-f )tf:» 1 0 2 «rSi:rtTV^5.^i;SSS/ioT*3 

[0 0 7 7] :if^mmx-\-t\f-M^:^-zr^) y9 it^hn^ 
^5tt'-Al O^^Klflsi 5(^<Ddr-f>':V7-r7t^5Kl 

V^^l 4rt(CiS:(tfcit^>ffiS^aj¥S2 4 a (CW^LT 
i/^S, ^rLT*,ii,feB;^tll^S2 4 a *^broffi-§-5rfflv^ 

30 

[0 0 7 8] :^mmm\t.mmm 7 ictL'<T t--A;^7'y 

3 6 Srffl I ^X\i-'f£\^(r)X'%m.^9i.ii^'p ti.\>^b^^o^ 

[0 0 7 9] j^Jl5:^iSfJJCj3l^T=3f-ty-^7-^'5t^Sl 
0 2(0{-ti:>^\Z.^-i—^=^—Zf^m\''^Xh^^\ 
[0 0 8 01 

•5o 

[00 8 1] -(7)te*|§?g(cj;n{i, 

( B 1 ) 3'd:ZS¥^li^/'» b ttl:^ 5 ;jT. 5 7t t-- A tB W^S^n 

[008 2] (B2) %M^%ki}^h\^/i^^i,it\i'-J>. 
50 i4t>J?>(4tJ ^^^-fe/U^Jx 
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[0 0 8 3] (B 3) BtJiSL^ci^l^^^^^l-^^ffl-r-S 
Jtagti^fe t-- A fflit ^ (;3^tV^^ t'- A :ii ;f. df-^^ 

1nff3tfhf)^±^<Xi>mibf£\^\ t*oT(B3-l)flBt&<0$ 

1, U—f-'Jf'iSiSg L E D ?r7tiil-IBl'^-5 ^ 1 1. «J 

^5 T- # -5 . (B3-2) ^m\^ki-i¥f^^mi^±i^^(r>x'm 
[0 0 8 41 (B 4) Ki:g(7)SSpi5t:'-A;^yy 2/^ 

[00 8 51. (B 5) «fijg-efc53ti®4rii<lcEgL 
'is. 

gsiss^g^jffiJc-rartiiST-tSo 20 
[ia®<"ffi¥?'^megi 

nan *^igoiiis«9jiwiiia5«tBSia 
[112] ^W3Wtm(DmMm<omnm 

[US] ^3l;(^XitSii^^fi(^S^I%R&@ 
[EI41 *|8e^»c#5 2 3tm©-&fifeSr*1-|ftMEI 
[121 5 1 fl 1 (^Jfe;fefi[B^ai¥SA>f>oai/jft#®*!i 

[06] mKD-myommm 

[071 mi 

[ II 8 ] ^^m(Dmmm 2 coM^ntmsiii 30 

[Si 0] 3^lg§)!w||}fe^y4i7)SSB«llii&lil 
[Hi 1 1 mi O(75-gl5:»(Ot5i0^il 

[mi 2 1 m 1 0 (r^-^^(Dls^mm 
mi 3] j^^f^ff)mmm5or)mnm^v&m 
mi 4] ^^mnmmme(r>mum,mm 
mi 5] -^^^mi^mmm? (TiWMmm 
mi 6] ^%m<r>mMW8o:>w^'imm 

1 40 

2. 6 Jtt'-i* 



#M^7-3 3 2 9 5 7 
12 

3 UVXl 

4 7t7 7-Y^<- 

5 U'>X2 

7,3 6 f-A;^7*!J (BS) 

I 0 ^^L1t±\:'-A 

I I w-ms.^m (M 1 ) 

12. 34 lEcouyX (L) 

1 3 BflSSlt® (M2) 

14 flS5tb'-A;^7'y s/^ (PBS) 

1 5 ^W}» 

1 6 ^K^fJlBj 

1 7 !^^7^'>'^^ 

18a. 18b l/4j!iift« (A/4) 

1 9 (DP) 

2 0 jK^^'Tif P) 
2 1 

2 2 3— (CO • 
2 4 4^m7* h^-(:t-h' 
25 y*V^'(:t-V<r>^til 

2 6 y^Vff^i^^—vnmtii 

2 7 7;!- hy-i'::^— KrotB:^3 

2 8 yitVy'<:t-V<Dmti4 

2 9, 5 7 r:^7' 

3 0 SSfltUlK 1 
3 1 Sl^|5l£g2 
3 2 JEL^lHliJS 
3 3 fil'jSESg 
3 5 GflU-vX 

5 4 ?t,#.fiMl5feajf. 
5 5 it^lh 

5 6 mnm^^^ 

5 8 XYSSIijr-y.'i' 

5 9 XYj&ibT-T'/l'WSIjl^S 

6 0 ^ftft 
10 0 ^— ;^ 

10 1, 102 ^-V-y^T'T Jt^^i 

201 45}fiJf>7* hy-r;^- K (QPD) 

2 0 2 XY?g[S!)«« 

2 0 3 f^Lyr^^a^:-^ 




m4] 



7^ 



f (x.y) 




f (x,y) 



f (-x.-y) 



#M¥7-3 3 2 9 5 7 




(10) 
[Hi 0] 




[lai 3] 



(11) 




#M¥7-3 3 2 9 5 7 



K^mmWi] i^SffeU 1 -7 ^(O 2 Otitic ± 5MiE©«« 
[*iTB] ^fifcl 3^1 2^ 1 4 0 (2 00 1. 1 2. 1 4) 

[i2!fll#-^l 7-3 3 2 9 5 7 

I^i^g^B] ¥f£7¥l2^22'B (1995. 12. 2 2) 

i^m^m 7 - 3 3 3 0 ■ 

[taSS*l #S¥6 - 15 16 6 0 

[fflis#w5>a^7)isi 

GOIB 11/30 101 
[F 1 ] 
GOIB 11/30 101 A 



[ajUB] ¥^1 3^5^ 2 8 B (2 0 0 1. 5. 2 

8) 

i^mmiE 1 1 

miEM^^n^] 0 0 2 9 

[0.0 2 9] -*-<-;^ (^055). lc:^tL-ciftli:&isii 

2 4a ^SJtt. $feS£0^fi!c?tt'-A 1 0 SrAlt$*Tt^ 
5. 



[^igl!ffliH2l 

I«IE*f^3lgife] 00 6 9 

1 0 0 6 9 J m 1 4 ti:^mm<r>mmm b (T^sscitPisiiiT- 

5 ±fc3t^5R 5 5 SrSi'tt. '<-;^ 10 0 ic3t^fii«;^ai 

^©5 4 8. IEi!j#S5 9 (^E 



-tt 1- 



